Educational Objectives {#s5}
======================

At the conclusion of the program, the participant will be able to: 1.Demonstrate the appropriate step-by-step process of donning and doffing personal protective equipment (PPE) using a third-party trained observer for safety.2.Demonstrate the safe management of body-fluid spills and hospital waste in the setting of managing a patient with Ebola viral disease (EVD).3.List the major impediments to performing patient care procedures on a patient while clad in PPE.4.Perform clinical procedures correctly while clad in PPE, exhibiting appropriate management of physical and environmental challenges including dexterity, heat, stress, and communication.5.Demonstrate the team-enhanced collaboration necessary to safely care for a patient with EVD.

Introduction {#s6}
============

At Brigham and Women\'s Hospital (BWH), we identified the need for a comprehensive training program designed to prepare frontline staff to safely manage a patient with Ebola viral disease (EVD). The primary goal of developing this program was to ensure the safety of staff, patients, and the general public by training staff in the correct use of personal protective equipment (PPE). Many hospital-wide drills and training sessions were implemented in response to the recent Ebola epidemic. Here, we describe a simulation laboratory-based program that was used as the foundation training for frontline staff in the correct use of PPE for clinical care activities.

Epidemics have challenged human existence for millennia. There is evidence of widespread infectious outbreaks as early as 400 BCE in ancient Greece.^[@ref001]^ In recent history, severe acute respiratory syndrome in the early 2000s and H1N1 influenza in 2009 resulted in significant worldwide morbidity and mortality.^[@ref002],[@ref003]^ The medical community is now confronting two recent epidemics, the current West African EVD outbreak that began in 2014 and, since 2012, an outbreak of Middle Eastern respiratory syndrome in South Korea and China for which the World Health Organization reports 1,595 laboratory-confirmed cases, including at least 571 related deaths. All of these events have stressed the need for greater investment in building resilient systems to prepare for, respond to, and recover from emerging infectious disease epidemics.

For nearly 20 years, simulation-based education has proven to be an integral part of medical training. Since the early work of Small et al.,^[@ref004]^ numerous studies have shown simulation-based education\'s invaluable contribution to the refinement of team structure, communication, and procedural skills.^[@ref005],[@ref006]^ Due to its emphasis on patient and staff safety, it has become an invaluable adjunct to traditional methods of teaching and training, especially in residency programs.^[@ref007]^ Since the 1970s, simulation has been used in epidemic response training.^[@ref008]--[@ref010]^ Programs now include disaster exercises, semester-long courses for professional students, web-based simulation exercises, and large-scale high-fidelity curricula that utilize human simulators and actors.^[@ref011]--[@ref015]^

Preparing for a response to an emerging infectious disease includes not only the conventional factors that characterize other disasters but also the need to become efficient in using clinical and procedural skills while wearing protective gear that has the potential to hinder flexibility, dexterity, and communication. Simulation education provides a seamless stage for this type of training. At the Neil and Elise Wallace STRATUS Center for Medical Simulation and the Center for Nursing Excellence at BWH, we have extensive experience in the simulation of many clinical events and skills across multiple disciplines. We consistently conduct interprofessional team and skills training sessions and have a team that frequently creates curricula for these programs.

The overall goal of this program is to teach and enable practice of the appropriate donning and doffing of PPE according to accepted protocols and to teach the management of biosafety level 4 waste. The skills practiced will enable participants to perform or assist in the performance of standard clinical skills while wearing appropriate PPE. Due to the austere nature of the clinical environment, this program is intended to be interprofessional. It is intended to enable and encourage collaborative care by providers who will need to participate in activities not typically required of them in less restrictive environments.

Methods {#s7}
=======

As the primary goal of this course is to facilitate familiarity with the use and functionality of specific equipment and implementation of specific step-by-step processes, the most suitable instructional format is deliberate practice in a simulated environment. This program requires space to meet the needs of at least 12 participants rotating through multiple stations, some of which run concurrently. The participants will actively don and doff PPE, learn and practice the management of biosafety level 4 hazardous waste, and be provided an opportunity to manage, in interprofessional groups, a variety of routine medical processes and procedures while wearing PPE.

Participants should be hospital clinicians who have the potential to be exposed to and care for patients with EVD in an isolated environment. These would include physicians, nurses, physician assistants, respiratory therapists, phlebotomists, and other relevant health care workers.

The curriculum described hereafter is a 4-hour fundamental interprofessional training course designed for potential EVD caregivers. The course consists of a concise didactic session and observation of a demonstration of donning/doffing EVD-required PPE, active participation in the donning/doffing of PPE, and interprofessional participation in skills sessions in which attendees role-model expected care activities for this patient population.

Course Outline {#s8}
--------------

A concise schedule outlining the time and basic requirements for each section of the course is contained in [Appendix A](#s001){ref-type="supplementary-material"}.

Introduction of Donning and Doffing PPE {#s9}
---------------------------------------

### Setup {#s10}

1.  Arrange Table and chairs conference-style to enhance introductions, observation, debriefing, and evaluation processes.

2.  Assign seating prior to class by placing nameplates with roles and designated groups around the table to ensure learning groups are interdisciplinary and to enhance conversations from the beginning of class.

3.  Have a computer with audiovisual capabilities on hand, as well as adequate space for the demonstration of donning and doffing of PPE using an observer and a separate narrator.

4.  Give each participant a precourse survey prior to the start of the class.

### Content {#s11}

1.  Participants and faculty introduce themselves, providing their name, institutional role, and personal expectations for the program.

2.  Center layout and amenities are introduced.

3.  Full attention of participants is requested, and a request to turn off beepers and telephones is made.

4.  The expectation that participants will stay for the complete 4-hour training is stated as is a short description of ground rules for the course: ○The management of patients with EVD is evolutionary in nature. Protocols will therefore be iterative. The training session is not the only training that people will be receiving, and a description of subsequent opportunities should thus be presented.○Up-to-date protocols are being taught as recognized by the institution, and participants are asked to delay specific questions concerning the protocols until they are actively participating in the don/doff exercise or until the end of the program.○Clarification regarding the purpose of the program is reinforced: Except for safe donning and doffing and waste-management skills, no new clinical skills will be taught today; this is an opportunity to practice a variety of already-known skills while wearing PPE.○The environment in which the PPE is worn will necessitate enhanced teamwork. As there is little chance of getting extra help expeditiously, a willingness to participate in patient care skills outside the normal realm of practice will be required. However, at no time will caregivers be asked to perform any skill outside their scope of practice.

5.  The schedule is explained.

6.  Psychological safety of the simulation learning environment is ensured by guidelines for active participation, engagement, respect for fellow participants, and confidentiality (as per the simulation center\'s usual practice).

Demonstration of Donning and Doffing PPE {#s12}
----------------------------------------

### Setup {#s13}

1.  Three faculty members are required: a narrator, a clinician, and a safety monitor (third-party trained observer).

2.  Obtain all necessary PPE.

3.  Introduce participants to the don/doff checklist and required processes.

### Content {#s14}

1.  A narrator briefly shows and explains each piece of equipment (participants are asked to hold questions until they move to the practice station).

2.  The narrator reads the checklist sequentially as the safety monitor assists the clinician in the donning/doffing procedure.

Donning and Doffing PPE Practice {#s15}
--------------------------------

### Setup {#s16}

1.  Provide space(s) for three teams to don and doff PPE.

2.  All donning and doffing accessories (chlorine-based wipes, armless stationary stool, PPE equipment, and waste containers) should be available.

3.  Two faculty members are assigned to each group: one to serve as the checklist narrator and one to serve in the role of EVD safety monitor responsible for assisting clinicians with the safe donning/doffing of PPE.

### Content {#s17}

1.  The narrator reads the checklist slowly and methodically.

2.  The safety monitor assists participants in the active exercise of donning/doffing PPE.

[Appendix B](#s002){ref-type="supplementary-material"} contains detailed checklists for donning and doffing PPE. Note that these checklists were developed based on the BWH protocol for Ebola management. Some variations may exist at different institutions.

Simulated Skills {#s18}
----------------

### Setup {#s19}

1.  Three individual spaces with supplies specific to each are needed. See [Appendix C](#s003){ref-type="supplementary-material"} for a more detailed description of the equipment required for each station.

2.  Two faculty members are needed at each station to assist in learning activities.

Individual requirements of the three stations follow.

Station A {#s20}
---------

Station A covers airway management, dressing care, IV infusion management, and urinary catheter care (± additional basic skills as required).

### Setup {#s21}

1.  Airway management substation: A mannequin should be placed on a table or in bed wearing a nonrebreathing mask and must be able to be ventilated with a bag-mask ventilator and intubated orally, as well as having an IV arm with a crystalloid infusion for drug administration. Ideally, the mannequin is attached to a pulse oximeter and cardiac monitor that can be manipulated to represent a desaturating patient; however, this is not necessary. Also present should be airway equipment and medications (vials, prefilled syringes, alcohol wipes, and needles/infusion systems) that are typically employed in airway management at the institutions in which the participants practice. There should also be appropriate waste-disposal equipment.

2.  Dressing care and IV infusion management substation: The mannequin can be medium or low fidelity on a table or a bed and have a dressing taped to an area of the skin. It should have an IV arm with a primary IV set infusing saline through an infusion pump. A 2-mg infusion of magnesium sulphate with appropriate accessories for piggybacking the infusion should be available. A dressing and tape should be available as well. There should also be appropriate waste-disposal equipment.

3.  Urinary catheter care substation: On a table or bed, there must be a mannequin or task trainer in which a urinary catheter can be placed. Urine should be in the bladder. A urinary catheter, a catheterization start kit, and a drainage bag should be available. There should also be appropriate waste-disposal equipment.

### Content {#s22}

1.  For each of the stations above, interprofessional groups of three to four learners will perform the routine clinical care tasks set up in the station.

2.  Each participant should perform tasks appropriate to his/her discipline and training, but all will practice assisting each other, as mastering communication and dexterity while wearing the PPE is a core learning objective of Station A.

Station B {#s23}
---------

Station B deals with spill/waste management.

### Setup {#s24}

This station should be equipped with mops, solutions, appliances, waste bins, and waste bags that will be employed in the management of biosafety level 4 waste within the institutions in which the participants practice

### Content {#s25}

See [Appendix D](#s004){ref-type="supplementary-material"} for detailed content.

Station C {#s26}
---------

Station C features human patient simulation.

### Equipment/environment {#s27}

A medium- to high-fidelity mannequin is dressed in hospital garb and is laying at 45° in a bed with a blanket covering it. The mannequin is not initially attached to the cardiac monitor or pulse oximeter. The mannequin will have a urinary catheter with a drainage bag that has 700 ml of fluid simulating urine hanging off the side of the bed. The mannequin will be placed on typical hospital linens with an absorbable underpad that has material simulating stool on the pad. Equipment to initiate and secure a peripheral IV and an IV infusion pump with which to initiate the IV infusion must be present. The rest of the room should appear as a patient isolation room.

### Personnel {#s28}

The simulation specialist runs the mannequin. One faculty member is the patient\'s voice via microphone from a control room. As this is a low-acuity scenario, one faculty member should suffice to both perform as the patient and observe for later debriefing. However, if a second faculty member is available to be the observer/debriefer, that would be of additional benefit. No confederates are required in the room.

### Assessment {#s29}

The participants are observed for their communication with the patient and with their colleague in the room and for their performance of simple clinical tasks, such as attaching the patient to monitors, cleaning the soiled patient, and disposing of the soiled materials in the correct way. Faculty may choose to add additional tasks to the scenario such as insertion of an IV line or managing a fluid spill on the ground. Faculty may refer to the protocols for such tasks included in this publication or reference their own protocols or checklists for specific tasks from their institution. However, the principle learning objective is that participants are able to perform already-known tasks within the confines of the PPE and that all procedures for infection control are strictly adhered to. Donning and doffing the PPE may also be included as part of the scenario or as a separate station depending on the time available.

### Debriefing {#s30}

The debriefing consists mostly of a facilitated discussion by participants on what the expected and unexpected consequences of having the PPE in place were on their ability to perform basic patient care tasks. Faculty identify errors or lapses in protocol that they observed and ask participants to outline what they feel contributed to those incidents. Patterns and difficulties with communication should also be debriefed, with an emphasis on how the team performed given the constraints of the environment and the PPE. We did not use video playback in our debriefing session as time was limited and not all of the interprofessional faculty were familiar with our video playback software. However, it should be considered a valuable addition to the debriefing session if available and if faculty are trained in its use.

See [Appendix E](#s005){ref-type="supplementary-material"} for full details of the simulated patient scenario\'s setup, content, and debrief.

Final Doffing {#s31}
-------------

At the conclusion of the final skills station for each participant, final doffing of PPE takes place. Setup requires ample room marked by tape to mimic both a hot zone and a warm zone. Appropriate doffing accessories (chlorine-based wipes, armless stationary stool, waste containers, and receptacle for PPE) should be available in the room.

See [Appendix C](#s003){ref-type="supplementary-material"} for a more detailed description of the equipment required. [Appendix B](#s002){ref-type="supplementary-material"} contains the doffing checklist.

Results {#s32}
=======

This program was effectively deployed in the STRATUS Center for Medical Simulation over a 4-month period in 2014--2015. Participants in our 4-hour program included physicians, nurses, respiratory therapists, laboratory technicians, and ancillary staff. Two-hundred and twenty health care professionals participated in the training. All were asked to complete the same three-question survey before and after participation in the training program. The survey assessed their subjective level of confidence in three key areas: management of a contamination breach, performing clinical skills while wearing PPE, and donning and doffing PPE. These questions were answered using a 5-point Likert scale with the anchors *not at all confident* and *extremely confident.* Replies were converted to their numerical value on the Likert scale, and a one-way analysis of variance was performed to calculate the *p* value.

We analyzed completed pre- and posttraining questionnaires from 195 participants. Prior to participating in the program, 61%, 67%, and 66% of participants rated their confidence level as *not at all confident* or *a little bit confident* in management of a contamination breach, performance of clinical skills in PPE, and donning and doffing, respectively. After completing the course, 96%, 97%, and 98% of participants rated their confidence as *to some extent, quite a bit,* or *extremely confident* ([Figure 1](#fig01){ref-type="fig"}). Our intervention significantly increased the confidence of participants on each primary objective (*p* = .001 for all three stations). Means and *p* values for confidence scores in each station are presented in [Table 1](#t01){ref-type="table"}.

![Confidence of participants before (top) and after (bottom) the simulation program. PPE indicates personal protective equipment.](mep-12-10433-g001){#fig01}

###### Means and *p* Values for Confidence Scores in Each Station

                            Mean Confidence Score          
  ------------------------- ----------------------- ------ --------
  Contamination breach      2.17                    3.71   \<.001
  Clinical skills in PPE    2.04                    3.82   \<.001
  Donning and doffing PPE   2.04                    3.88   \<.001

Abbreviation: PPE, personal protective equipment.

Overall, 90% of participants rated the quality of the simulation on the program as good or outstanding, and 97% rated the faculty as good or outstanding. These results are outlined in [Figure 2](#fig02){ref-type="fig"}.

![Participants\' ratings of faculty and quality of the simulation.](mep-12-10433-g002){#fig02}

Discussion {#s33}
==========

This program was successfully deployed and well received by the health care professionals in our institution. As it was a newly designed program for our center, there were many lessons learned along the way. We concede that the design of the program is faculty intensive. However, it was important to have a high faculty-to-participant ratio in order to replicate the high level of supervision that occurs when monitors supervise donning and doffing techniques in the clinical setting. Potentially, faculty requirements could be reduced by using core teaching faculty in the monitor role in the one-to-one donning and doffing sessions. Participants could also perform this role, provided they were instructed in the monitoring process in advance. We utilized a high-fidelity simulation environment for our simulated patient experience station, but most of the course objectives could be achieved in a lower-resource setting by omitting this station if the facilities are not available. The 4-hour program length was necessary to allow for repeated practice of a very complex donning and doffing process with many specific steps to complete.

One difficulty we encountered was the continuously evolving protocols for PPE. Protocols were revised as newer equipment was received, limited by a challenged supply chain as demand outweighed supply from numerous vendors from October 2014 until February 2015. For example, based on drills and exercises, we converted from one respirator brand to another that provided clearer communication and improved cooling. These protocols may vary between institutions and may be revised and altered within single institutions over time. It is important that centers implementing this course establish what the local protocols for PPE use are and adhere to them in order for the training to be applicable to the health care professionals in that institution. At the same time, we also encourage institutions to follow nationally and internationally accepted protocols as closely as possible.^[@ref016]^

While we have solicited and analyzed feedback from a large number of participants, one of the questions in our survey referred to a skill not directly covered in the training. When originally designing our program, we hoped to include full training on management of a breach. However, it was felt that this was a higher-level training objective, more suited to the monitors (trained clinical observers), and therefore, this content was removed from the course. Our participants were instructed that if a suspected breach occurred, they would be directed by their trained observer. We decided to leave this question in our feedback survey and found that confidence was increased in this area. We feel this represented a level of confidence in the system of donning and doffing in pairs with an observer guiding.

Also, we have not evaluated durability of the training by assessing long-term retention of the skills we trained for. Ideally, implementation of this program should include shorter sessions of follow-up training at regular intervals. No clear guidance for frequency and modality of training for health care workers in this intensive scheme exists, and our models are based on information garnered from national centers of excellence (Emory University, the University of Nebraska).^[@ref017]^ Nongovernmental organizations\' national and international efforts should be directed toward outlining standards to define competency, training modalities (functional and tabletop exercises, simulation, web-based training, didactics, etc.), and frequency of those modalities. Medicine can look to other industries, including aviation, as the gold standard for competency measurement and evaluation.

Our interprofessional simulation-based program has been shown to be a well-received method of training clinicians to manage patients collaboratively during an EVD outbreak. Our intent is that the skills taught in this training program would also be transferable to management of other infectious diseases in the clinical setting. This training should form part of a linear program with subsequent shorter courses at regular intervals aimed at ensuring retention of skills over time.

Appendices {#s34}
==========
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